We describe a hospital infestation by 2 hematophagous ectoparasites of cliff swallows that nested in the window eaves. Breaks in window seals allowed entry of swallow ticks and swallow bugs. These pests emerged in large numbers in patient rooms, hallways, and stairwells; 17% of the ticks fed on humans.
As humans build over and occupy the natural landscape, we are encountering an increasing number of zoonotic diseases. Usually the precipitating event is human invasion of the natural environment, for example, building homes in the mountain foothills of the Southwest that are then entered by triatomines (kissing bugs), the vectors of Chagas disease [1] . Here, we report an unusual circumstance where birds nested in great numbers on the walls of a 5-story community hospital (Figure 1 , top), leading to an invasion of patient rooms by 2 hematophagous ectoparasites. We provide evidence that these infesting arthropods took human blood meals.
In July 2015 a community hospital infection control committee learned that an arthropod infestation was occurring within the building. The initial sighting was of a soft-bodied tick crawling up the wall in the room of a patient who had no recent exposure to ticks. A thorough inspection of the entire hospital revealed the presence of 2 bird ectoparasites, identified as the soft-bodied swallow tick Argas cooleyi (Figure 1 , bottom) and the swallow bug Oeciacus vicarius. The ticks and bugs entered hospital rooms from their natural habitat near the nests built by cliff swallows (Petrochelidon pyrrhonota) in the hospital's window eaves. The arthropods entered through openings around the window frames. Based on antibody-detection methods, these infesting insects fed on human blood, presumably of patients.
Here, we describe this unusual infestation, which to our knowledge has not been reported in any other medical facility previously. There is only one similar report of a medical facility infested with avian mites from nesting pigeons. However, human blood ingestion was not documented in that report [2] .
MATERIALS AND METHODS

Hospital Structure and Cliff Swallow Colony
A 5-story community hospital in Tucson, Arizona, was the nesting site for a large colony of cliff swallows. Total active nests, nests per window, nests outside of patients' rooms, and nests found in other locations on the building were documented.
The Pests
The identification key provided in Kohls and Hoogstrall [3] was used to identify the ticks as A. cooleyi. The swallow bug, Oeciacus vicarious, was identified using the identification key provided in Myers [4] . A hospital-wide survey of arthropod pests was conducted bimonthly for 16 months.
Pest Control Measures
A local pest control company was contracted to apply a residual cyfluthrin spray on floors and walls. Hospital facilities management caulked the windows. A local engineering firm removed swallow nests and installed high-density polyethylene bird netting over the window eaves.
Testing Ticks and Bugs for Presence of Human Blood
Because human DNA may contaminate hospital surfaces traversed by ticks, we chose to detect human blood within ticks using an antibody method rather than the more sensitive polymerase chain reaction methodology. We used the Rapid Stain Identification blood test (Independent Forensics, Lombard, Illinois). This system includes a hand-held lateral flow strip test reader that detects human glycophorin A, a cell surface protein on red blood cells, and is used widely in forensic medicine. Each tick was placed in a buffer solution and triturated to release the intestinal contents. A sample from the solution was added to the test device per the manufacturer's instructions. For testing of swallow bugs, 2 triturated bugs were used per test strip.
RESULTS
Birds and Nests
When the infestation was first discovered, active cliff swallow nests numbered 122. These increased to 267 nests by the end of July 2015. Most nests were located on the fourth and fifth floors of the hospital in window alcoves that faced west. Nests, which were built under horizontal ledges that shielded windows from the sun, were active from May to the middle of August. During this active nesting period, the birds and nests were not disturbed because the species is protected by the Migratory Bird Treaty Act of 1918.
Pest Control Measures
Initial insecticide application resulted in the death of hundreds of swallow ticks and uncountable numbers of swallow bugs at 22 sites within the hospital including patient rooms. Argas cooleyi larvae, nymphs, and adults, but no eggs, were found. The majority of infested sites were in patient rooms with active cliff swallow nests on the outside window alcoves. Interior hospital windowsills, corners, and the perimeters of each room, hallway, and stairwell were sprayed. Interior and exterior insecticide spraying occurred monthly for 6 months. After 3 months of insecticide application, infested sites in the hospital had decreased to 10; by 6 months, no sites were infested. However, 8 months after insecticide application began, 6 sites were infested and 1 site was infested at 16 months. Insecticide application was repeated following these findings. Due to the arid desert environment of southern Arizona, caulking had separated from the windows, providing openings to the external environment. Windows were caulked over a 2-month period after the cliff swallows migrated. Nests were removed and netting placed over all window alcoves and recessed overhanging ledges on the walls of the hospital.
Pests Fed on Patients
One patient who was seen in consult during the early days of the infestation complained of a pruritic "rash" on the back of his neck that had arisen overnight. The attending physician was worried that the patient might be experiencing an allergic reaction or some form of "bug bite. " Inspection showed 2 punctate bite sites at the hairline on the back of the neck with localized swelling and erythema consistent with arthropod bites. His bed was within 2 feet of a window with a large number of active cliff swallow nests. No ticks were found in the room during the day. Consequently, 35 A. cooleyi ticks were selected from a total of 237 to test for the presence of human blood using the rapid antibody test. Six of the 35 (17%) ticks tested positive for the presence of human blood. Eight swallow bugs captured in patient rooms were tested for human blood and found to be negative.
DISCUSSION
Each year during the spring and summer months for at least the past decade, cliff swallows have reused or constructed new gourd-shaped mud nests on the walls of the hospital. The mud used to construct the nests came from nearby power plant retention ponds. The nests provide a year-round home for many arthropods. Howell and Chapman list 15 mites, 2 ixodid, and 3 argasid ticks that were found in Texas cliff swallow dwellings [5] . The only species found at every colony site was A. cooleyi, the species found in our community hospital rooms. This is not unexpected as the principal host of A. cooleyi is the cliff swallow [3] . The other consistent hematophagous parasite found in nests is the swallow bug [4, 6, 7] . In the natural setting, hematophagy by these ectoparasites shortens the breeding season in cliff swallows [7] .
Both A. cooleyi and swallow bugs were encountered throughout the hospital, in rooms, hallways, and stairwells. The ticks and swallow bugs usually remain in and around the nests and retreat to nearby cracks and crevices after the birds migrate [6] . However, the numerous breaks in the window caulking allowed the arthropods to enter the hospital. Both the swallow bug and A. cooleyi are nocturnal and exhibit little activity during the day [6] . The swallow bug and A. cooleyi were active during nighttime collections when few employees were present.
Swallow bugs are known to bite humans [4, oral personal communication, CR Brown, April, 2016], whereas A. cooleyi has not been reported to feed on humans. However, this infestation shows that A. cooleyi can be an opportunistic feeder. Indeed, we found that 17% of ticks tested had fed on humans. Other avian argasid ticks such as Argas reflexus readily feed on humans in opportunistic circumstances, and bites may lead to anaphylaxis [8] . Up to 40% of people fed upon by A. reflexus had local or systemic allergic reactions not unlike what was found in the patient described here [9] .
In summary, clinicians and healthcare administrators should be aware of the potential risk of avian ectoparasite infestation when cliff swallows nest on medical buildings. Furthermore, swallow bugs and swallow ticks are reservoirs of alphaviruses and orbiviruses [10] , respectively, which are of unknown significance to humans. 
